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ABSTRACT: Seasonal variations in some hydrographic parameters were observed and 
studied from tidal creeks, mud flats and back waters from the coastal waters of Pakistan 
during January 1998 to December 1999. The bimodal pattern was observed in water 
temperature, mostly influenced by the season and ranged between 22-35.6°C in tidal 
creeks and 22-36.8°C between mudflats and backwaters. The lowest salinity was 
observed in tidal creeks (30-47) as compared to mudflats and backwaters (34-75) where 
the salinity was highest likely due to the dry conditions associated with the northeast 
monsoon and excess evaporation over precipitation. pH was ranged in between 7 to 8.06 
and 7.14-9.13 in tidal creeks and backwaters respectively. The tidal creek stations 
showed significant seasonal differences in Air temperature (F3, 23 = 3.73, P < 0.05), water 
temperature (F3, 23 = 49.56, P < 0.05) and pH (F3, 23 = 5.04, P < 0.05), Dissolved oxygen 
(F 3, 23 = 4.68, P < 0.05), Suspended sediments (F 3, 23 = 6.97, P < 0.05), and transparency 
of water (F 3, 23 = 3.38, P < 0.05). The backwater mangrove swamps showed significant 
seasonal differences in air temperature (F3, 35 = 4.08, P < 0.05), water temperature (F3, 35 = 
12.84, P < 0.05), pH (F3, 35 = 4.86, P < 0.05), Eh. mv (F3, 35 = 4.08, P < 0.05). The tidal 
mud flats showed significant seasonal differences in Air temperature (F3, 47 = 13.00, P < 
0.05), water temperature (F3, 47 = 22.59, P < 0.05), therefore all parameters that were 
observed in tidal creek, mud flats and backwaters significantly influenced by the seasons. 
 
KEYWORDS: Seasonal variation, hydrographic, Sandspit, Port Qasim, Korangi Phitti 
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INTRODUCTION 
 
Estuarine and coastal areas are complex dynamic aquatic environment (Morris et al., 
1995; Gadhi et al., 2012 and Nirmal Kumar et al., 2013), economically important 
ecosystem for fisheries in tropical regions (Kawabata et al., 1993) and act as a 
transitional zone between land and sea (Bardarudeen et al., 1996). A large number of 
physical and chemical processes may influence water quality when river water mixes 
with sea water. The natural processes such as precipitation inputs, erosion, weathering of 
crustal materials, as well as anthropogenic interventions frequently cause excessive 
eutrophication especially where the circulation is restricted, calling for increased 
exploitation of water resources, together determined the quality of seawater in estuaries 
and other coastal regions (Gadhia et al., 2012 and Nirmal Kumar et al., 2013). 
Environmental parameters of tidal creeks and estuaries, experience considerable tidal and 
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seasonal fluctuations (Mitra et al., 1990) and these fluctuations are also observed in 
coastal waters. Information about hydrographical parameters from the coastal waters of 
Pakistan is very scanty and suppressed of the offshore waters of the Arabian Sea near to 
the coastal waters of Pakistan (Ali-Khan, 1976, 1976/77; Ali-Khan and S. Ali-Khan, 
1989; Ali-Khan and Ali-Khan, 1978; Qasim, 1982; Banse, 1990 and Ahmed et al., 1995) 
and also from the creek areas and backwaters (Ahmed and Rivzi, 1981; Hussain and 
Sammad, 1995; Sultana and Mustaqeem, 2003 and Khatoon and Hussain, 2006 and 
Mashiatullah et al; 2009). The present paper report the seasonal behavior of 
environmental parameters from the tidal creek, mud flats and backwaters (mangrove 
swamps) areas of Pakistan. Hence the aim of the present work was to study the certain 
hydrographic parameters and seasonal variations and as well as their inter correlations. 
 
MATERIALS AND METHODS 
 
Study area: 
The Karachi coast is the largest agglomeration on the Arabian Sea coast from the 
mouth of the River Hub in the west of Gharo Creek in the east, the Karachi coastal zone 
is about 135 km in length. The coast in the southeast has Korangi and Phitti creeks, 
(24o68’N, 67o15’E) which represent characters of the Indus delta. The creek system is 
about 28 km long and its width ranging from 250 to 2,500 m. It is characterized by a 
southwest and northeast monsoon type of climate with the seasons of December, January 
and February are defined as northeast monsoon (NE), March, April and May are defined 
as pre monsoon (Pre) period. June, July and August are defined as the southwest (SW) 
monsoon period, September, October and November as post monsoon (Post) period, to 
observe the seasonal shifts and variability (Naz et al., 2015).  
Field sampling: 
 The sampling of Hydrographical parameters was conducted at monthly intervals 
from January 1998 to December 1999. Two sites at Sandspit backwaters and two sites at 
Korangi Phitti creek were selected and had three and four stations, respectively at each 
site. At Sandspit backwater (mangrove swamps) station one (SP1) and station two (SP2) 
were connected to the main channel and station three (SP3) received water only by the 
tidal channels and was almost a dry station. In a Korangi Phitti creek system two stations 
were selected within Kadairo creek, the main shipping channel. Station one was near Port 
Qasim (PQ) jetty had two spots high tide (PQ1) and low tide (PQ2), station two at Port 
Qasim with two spots at high tide (P1) and low tide (P2) marks these stations on mud 
flats. Two stations were also selected in the tidal creek, first station (RK) was the shallow 
station with an average depth of 5-6 m, near RatoKot mangroves and the second station 
(PK) was nearly in the middle of Phitti-Jhari creek in the southwest with an average 
depth of 11.3 m. (Fig. 1). 
In situ measurements of temperature and transparency were taken while dissolved 
oxygen was determined in the laboratory according to Winkler's method (Strickland and 
Parsons, 1972). The salinity was measured with an optical refractor meter (with a 
correction of 1 o/oo). Transparency or turbidity was measured with a Secchi disc. Air and  
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Figure 1. The map shows study area from the coastal waters of Pakistan. 
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surface water temperature, conductivity and pH were measured using ATC probes 
(Hanna model 8314, USA). 
Statistical analyses: 
All parameters studied and estimated were subjected to statistical analysis. Statistical 
analysis was carried out by using the statistical package Minitab (Version 16). The word 
“Significant” or “Statistically significant” means that differences were detected at = 0.05 
percent level of probability. Completely randomized design (CRD) analyses of variance 
(ANOVA) with a nested treatment arrangement were to test all parameters for the effect 
of stations, seasons, and station*season interaction of the hydrographic parameters 
measured (DF is a degree of freedom, F is the F- statistics, and P is the probability level) 
differences at station level and levels of seasons.  
 
RESULTS AND DISCUSSION 
 
Results: 
Tidal creek: 
The monthly air temperature at (RK) and (PK) was found to vary between (24 to 
35.6 oC). Highest average seasonal values of air temperature were observed in 
premonsoon and postmonsoon (32.66 oC) at (RK) and 33.53 oC at (PK). Average low 
values of air temperature were observed in northeast monsoon 27.5 oC and 29.3 oC at 
(RK) and (PK), respectively. The maximum values of air temperature were recorded in 
the month of September 30.9 oC and 30.2 oC at both (RK) and (PK). The seasonal lowest 
surface water temperature was observed in northeast monsoon 21.60±1.93oC and 21.93 
oC±1.401 at (RK) and (PK) respectively. The fluctuation of salinity in the creek was large 
(30-47ppt) as compared to temperature (19.5 oC to 30.9 oC). High values of salinity (47 
ppt, 40 ppt) were recorded during northeast (January, February) and the lower values 
(33.6-34ppt) were found during the southwest monsoon and post monsoon periods. 
Maximum pH values were observed in the southwest monsoon followed by the post 
monsoon, northeast monsoon and pre monsoon period. The range of pH was 7 to 8.06. 
Values of Eh (mv) varied between - 038 to - 071. The highest value was observed in 
August and September (-071 and -068) in RK and PK respectively. The lowest values 
were observed in October (-059) at RK and in December(-038) at PK. Suspended 
sediment load at PK was highest in the southwest monsoon (0.09 mg l-1) whereas it was 
also high (0.074 mg l-1) during the northeast monsoon at (PK). The lowest values were 
observed in the post monsoon period 0.012 mg l-1 and 0.03 mg l-1, at (RK) and (PK) 
respectively.  
Transparency also showed seasonal variations and varied between 0.56 m to 1.25 m 
during January to December. The higher values of secchi depth were observed in NE-
monsoon and post-monsoon (1.35 m at RK) and (1.44 m at PK) respectively. The highest 
values of dissolved oxygen were found during the southwest monsoon period (4.92 mg 
O2 l-1 and 4.75 mg O2 l-1) at both stations and lower values were found in the post 
monsoon period 3.88 mg O2 l-1 at PK (Fig.2; Table1). 
The tidal creek stations RK and PK showed significant seasonal differences in air 
temperature (F3, 23 = 3.73, P < 0.05), water temperature (F3, 23 = 49.56, P < 0.05), pH (F3, 
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23 = 5.04, P < 0.05), dissolved Oxygen (F 3, 23 = 4.68, P < 0.05), suspended sediments (F 3, 
23 = 6.97, P < 0.05), and transparency of water (F 3, 23 = 3.38, P < 0.05), pH (F 1, 23 = 4.63, 
P < 0.05). dissolved oxygen (F 1, 23 = 6.73, P < 0.05) was showing significant differences 
between stations.  
Backwaters: 
The temperature of adjoining channel and overlying water showed a range of 22 OC 
to 35 OC, with high in summer 36.83 ± 2.75 at SP3 and low in winter 23.733±1.55 at 
station SP1, indicating a typical seasonal pattern. Completely randomized design 
ANOVA showed significant differences between sites (Table 1).  
The salinity of the overlying waters showed considerable fluctuations. The highest 
salinity reached up to 70 ppt at station SP3 in the month of November. Highest mean 
seasonal salinity was observed in post monsoon 38.667±0.577 at SP1 and 37.33±2.522 in 
the southwest monsoon and (43.67±4.04) in the pre monsoon at SP3.  
The salinity of the interstitial water showed maximum in the post monsoon 
(39.6±0.5) and (40.0±00) at SP1 and SP2 respectively. Whereas highest seasonal salinity 
was observed in the pre monsoon (55.0±7.8) in SP3 and maximum in the southwest 
monsoon at SP1 (34.0±5.2) and SP3 (34.3±2.2) respectively, and northeast monsoon at 
SP2 (34.3±2.1). 
The pH value remained same throughout the study period the mean annual pH in 
backwaters 8.17±0.45. The pH of the water body showed alkaline in nature and ranged 
between 7.14 in March at SP1and 9.13 in July at SP1. Highest pH was observed in NE 
monsoon at SP1 (8.1567±0.1026) and post monsoon at SP3 8.713 ± 0.202), whereas a pH 
of pore water ranged (7.02 - 8.713). Redox potential (Eh) mean annual values (-
76.75±26.92), with a minimum value of -144.0 during July and maximum of -29.0 was 
observed during August at SP1. 
Similarity Eh of pore water ranges between -123 in July at SP1 and -7 in February at 
SP2. Highest mean seasonal value was observed in NE monsoon at all backwater stations 
(Fig. 3; Table. 2) 
The backwaters mangrove swamps showed significant seasonal differences in air 
temperature (F3, 35 = 4.08, P < 0.05), water temperature (F3, 35 = 12.84, P < 0.05), pore 
water temperature (F3, 35 = 8.82, P < 0.05), pH (F3, 35 = 4.86, P < 0.05), Eh.mv (F3, 35 = 
4.08, P < 0.05). Whereas significant seasonal differences among stations in water 
temperature (F3, 35 = 13.10, P < 0.05), pH pore (F3, 35 = 4.86, P < 0.05), Redox potential 
(Eh) Eh. mv was observed as (F3, 35 = 6.50, P < 0.05). 
Mudflats: 
The mean annual air temperature was observed 30.7±2.8 and 30.3±2.9 at PQ and PK. 
The mean seasonal air temperature observed during post monsoon at PQ1 (30.7±0.2), 
PQ2 (33.1±1.2), P1 (33.2±0.8), and P2 (33.20±0.8). The Water temperature of the mud 
flats changes according to air temperature and ranged from (22.8 to 36.8). The highest 
temperature was observed in the post monsoon at PQ and PK with the exception of 
28.6±1.1 in the southwest monsoon at station PQ2. Salinity ranged from 34 to 75 ppt, 
lowest values of salinity were recorded in the post monsoon in October at PQ1 and 
maximum 75ppt in June at P2. Similarly salinity of pore water ranged from 35 to 55ppt in 
January at P2. Highest mean salinity was observed in the PQ and PK in the pre monsoon  
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Fig. 2. Variations in salinity, DO and pH of water during January 1998 to December 1998 
whereas Eh of water during June 1998 to December 1998 from Rato Kot and Phitti 
creek, mangrove tidal creek area. 
Naz et al.: seasonal variation in hydrographic parameters 
 
43 
Table 1. Seasonal mean and standard deviation of (mean ± SD) of environmental 
parameters collected from Rato Kot (RK) and Phitti creek (PK) mangrove 
tidal creek area during January 1998 to December 1998. 
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Tidal creek Rato Kot 
NE 27.53 ±3.11 
21.60 
±1.93 
7.480 
±0.470 
-62.000 
± 0.0 
4.564 
±0.183 
40.33 
±6.51 
0.0245 
±0.0282 
1.3500 
±0.0529 
PRE 33.000± 0.0 
28.5 
±0.866 
7.167 
±0.289 
-68.33 
±2.52 
4.6748 
±0.0728 
35.67 
±3.21 
0.1268 
±0.0588 
0.817 
±0.289 
SW 30.50 ±2.29 
29.167 
±0.289 
7.667 
±0.577 
-68.33 
±2.52 
4.923 
±0.390 
34.00 
±3.61 
0.0800 
±0.0174 
0.7367 
±0.1570 
POST 33.00 ±2.27 
28.80 
±2.21 
7.9467 
±0.1026 
-64.00 
±2.52 
4.6748 
±0.1351 
33.333 
±1.528 
0.0442 
±0.0449 
1.0500 
± 0.1510 
Tidal creek Phitti creek 
NE 29.27 ±5.51 
21.933 
±1.401 
7.183 
±0.318 
-47.00 
±15.59 
4.693 
±0.194 
36.67 
±2.89 
0.0317 
±0.0259 
1.170 
±0.592 
PRE 31.00 ±1.73 
28.000 
±0.000 
7.5000 
±0.0 
66.667 
±1.54 
4.405 
±0.462 
35.667 
±1.155 
0.0912 
±0.0506 
0.960 
±0.312 
SW 29.000±1.00 
29.000 
±1.000 
7.833 
± 0.289 
-66.00 
±1.73 
4.749 
±0.218 
34.00 
± 1.73 
0.0837 
±0.0199 
1.010 
±0.208 
POST 33.53 ±2.68 
29.867 
±0.306 
7.8900 
±0.11 
-60.00 
±6.56 
3.879 
±0.204 
33.667 
±1.155 
0.02333 
±0.015 
1.440 
±0.173 
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with the exception of station P2 where it was observed in the southwest monsoon 
(fig. 4; Table. 3). The tidal mud flats showed significant seasonal differences in air 
temperature (F3, 47 = 13.00, P < 0.05), water temperature (F3, 47 = 22.59, P < 0.05), pore 
water temperature (F3, 47 = 8.57, P < 0.05). Whereas pH pore (F3, 47 = 4.64, P < 0.05), 
Redox potential Eh.mv (F3, 47 = 4.32, P < 0.05) were showing significant differences with 
the stations. 
 
Discussion: 
The hydrographic parameters along the coastal waters of Pakistan remains undergo 
considerable changes due to pronounced seasonal variations. The Arabian Sea water 
temperature varies between 25 °C to 35 °C and during the present study the air and 
surface water temperature mainly influenced by the seasonal variations; the difference 
between the summer and winter air temperature was 12°C as well as a progressive 
increase in air temperature with the proceeds of summer. The highest air temperature was 
recorded during the month of September. A bimodal pattern with a first maximum during 
pre-monsoon and a second maximum in post-monsoon, average lowest air temperature 
were observed in the northeast monsoon. The highest water temperature was also 
observed in the southwest. The salinity of coastal waters varied from 30 ppt to 47 ppt, 
highest salinity was recorded during northeast and the lower values were found during 
the southwest-monsoon and post monsoon periods. There was a steady increase in 
salinity values likely caused by the dry conditions associated with the northeast monsoon 
and excess evaporation over precipitation. Saifullah and Ahmed (2007) attributed salinity 
variation to the interaction between the periodic influx of runoff from the land and daily 
tidal fluctuations and also due to the scanty rainfall (Khatoon and Hussain, 2006) and 
insufficient fresh water discharge from the Indus River (Harrison, 2004). pH mainly 
influenced by the intrusion of sea water into the creek. During the present study highest 
pH was observed in the southwest monsoon followed by the post monsoon, northeast 
monsoon and pre monsoon respectively. Lower values of pH are attributed to an input of 
mainly untreated industrial waste water and partly domestic sewage into the sea (Hussain 
and Samad, 1995). Sultana and Mustaquim (2003) was observed slightly alkaline pH in 
open sea water, whereas, alkaline to acidic pH was observed in backwaters likely due to 
dilution of sea water and or presence of H2S. The decrease in pH along the Indus Delta is 
mainly due to the influx of relatively low pH waters pertaining to the Indus River and 
sewage from the nearby coastal dwellings/villages and associated with a decrease in the 
values of electrical conductivity and salinity (Mashiatullah et al., 2009). The highest 
values of suspended sediments were observed at RatoKot and can be related to turbidity 
or transparency or the secchi depth, higher suspended sediment indicated high turbidity. 
In the present study turbid water was observed in almost all the time with a little 
exception in the winter months when the transparency reached its maximum. Mitra et al, 
1990; Chandran and Romamoorthi, (1984) suggested that minimum transparency could 
be attributed to the presence of suspended matter introduced through fresh water and 
resuspension of sediments as a result of stirring of tidal current could be the factor   of 
major concern influencing the transparency. The highest dissolved oxygen value was  
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Figure 3. Variations in temperature, salinity pH, and Eh of water from the Sands pit back 
waters mangrove area during January 1999 to December 1999. 
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Figure 4. Variations in temperature, salinity pH, and Eh of water from the tidal mud flats 
Port Qasim and Phitti creek mangrove tidal creek area during January 1999 to 
December 1999. 
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observed during the southwest monsoon period and lower values were found in the post 
monsoon period. Pollution and decomposition of mangrove plants are possible causes of 
low oxygen concentration (Khatoon and Hussain, 2006; Mitra et al., (1990) also observed 
higher values of DO during southwest monsoon seasons followed by pre monsoon could 
be attributed to inflow of oxygen rich, fresh water into the creek, the second higher 
values during pre-monsoon seasons may be due to higher rates of phytoplankton 
production and the lowest values may be due to dilution of oxygen rich fresh water by 
oxygen-poor sea water within the creek system. 
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